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ABSTRACT 
Lee, Katharine Mark, M.S., March 1980 Forestry 
A study of Douglas-fir regeneration and stand establishment in 
the Garnet Mountains of western Montana. 
Director: George M. Blake 
Land managers in the intermountain region have been concerned 
with the slow natural regeneration response of Douglas-fir 
(Pseudotsuga menziesii var. glauca [Beissn.] Franco) on cutover 
lands in the area. Old growth reserves of Douglas-fir have con­
tinued to dwindle without being replaced by viable second growth 
stands. The purpose of this study was to determine the present 
status of Douglas-fir regeneration on Bureau of Land Management 
cutover units in a portion of the Garnet Mountains and to relate 
this to what might be considered realistic regeneration response 
levels, given the natural patterns of stand establishment opera­
tive in the area. 
Regeneration surveys conducted on twenty-five cutover units 
resulted in stocking levels between thirteen and ninety-seven 
percent of full stocking (300 stems/acre stocking standard) and 
densities of 110 to 3000 stems per acre. Eighty-nine percent of 
the total regeneration was Douglas-fir and eighty-seven percent 
of the Douglas-fir was of one age, having resulted from the 1974 
seed crop. Measured variables showing significant correlation 
to Douglas-fir stocking included the size of the unit, the 
average distance of a plot to a seed source, the percentage of 
plantable spots on the unit and the ground cover present. 
Observations concerning the location and vigor of the seedlings 
are also presented and discussed. 
The differences in the age distributions for the three old 
growth stands studied can probably be explained by the frequency 
and intensity of fires on these sites. All three stands exhi­
bited an absence of intermediate age classes and seedling den­
sity estimates beneath these stands exceeded densities found on 
any of the cutover units. The wildfire which resulted in the 
young stand of Douglas-fir sampled appears to have created con­
ditions extremely favorable for Douglas-fir establishment. Data 
from this portion of the study indicated that even aged silvi-
cultural management is more consistent with natural patterns of 
stand establishment than all aged management, and that it is 
probably realistic to assume an establishment period of ten to 
thirty years when relying on natural regeneration of Douglas-fir 
on cutover units. 
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Chapter 1 
INTRODUCTION 
Douglas-fir (Pseudotsuga menziesii [Mirbel] Franco)^ is widely 
distributed throughout the western United States and Canada and occurs 
over a wide range of climates, topographies and soil types (USDA, 
1965). While numerous studies have been conducted on Douglas-fir, it 
is seldom possible to extrapolate research results from one region to 
another. The majority of Douglas-fir studies have originated in the 
Pacific Northwest and pertain to the coastal variety of the species, 
Pseudotsuga menziesii var. menziesii. Very little research has been 
conducted on the Douglas-fir climax sites of the Rocky Mountains where 
the inland variety of the species, Pseudotsuga menziesii var. glauca, 
occurs. 
Compared with the Pacific Northwest, the inland Douglas-fir 
climax sites can generally be considered marginal for timber produc­
tion. The reliance on old growth reserves has kept the harvest of 
inland Douglas-fir quite high but this is no indication of long term 
site capabilities. Research monies have been directed to those areas 
where the production of Douglas-fir timber has proven profitable, and 
while this is only logical, it does not mean that the annual removal 
of approximately 150 million cubic feet of Douglas-fir timber from the 
northern Rocky Mountains (USDA, 1973) is insignificant or that the 
impact from this harvest can be ignored. Land managers in the northern 
Rocky Mountains are often forced to manage Douglas-fir on severe sites 
1 All scientific nomenclature follows Hitchcock & Cronquist 1973. 
Flora of the Pacific Northwest. 
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without the knowledge necessary to make ecologically sound decisions, 
A problem of growing concern to land managers in the area is 
the slow natural regeneration response of Douglas-fir on their cutover 
lands. The widespread use of clearcut and seedtree silvicultural sys­
tems throughout the 1960fs has resulted in a legacy of poorly stocked 
harvest units which are now ten to twenty years old (Ryker, 1975). In 
light of the slow regeneration response that was occurring under clear-
cut and seedtree harvests, some land managers have switched harvest 
techniques in the hopes that shelterwood or selection systems will 
result in better natural regeneration of Douglas-fir. This type of 
trial and error management wastes both time and money. Without an 
understanding of the natural patterns of stand establishment it is 
difficult to know what can be expected in terms of natural regeneration 
of Douglas-fir under various management regimes in the northern Rocky 
Mountain region. 
A broad scale survey of the regeneration problems of inland 
Douglas-fir was conducted by Ryker (1975) during the late 1960!s. He 
identified the need for further research in four major areas. These 
included the development of a habitat type classification for the area, 
determination of the species requirements with regards to regeneration, 
evaluation of different silvicultural systems in obtaining regeneration 
and the development of guidelines for regeneration based on habitat 
type stratification. There is currently a habitat type classification 
system applicable to Montana (Pfister and others, 1977) but the need 
remains for further research in the other areas mentioned. One of the 
problems encountered in assessing the regeneration success of 
3 
Douglas-fir on cutover lands is the limited understanding of what is 
possible or probable with respect to the rate at which establishment can 
be expected to take place. This information must come in part from the 
study of natural stands. It may be unreasonable to expect restocking of 
cutover units in this area to occur within an arbitrary time constraint 
of five or ten years as is often stated in management policies. 
Regeneration problems are always complex because of the many 
variables that interact to determine whether an area will become 
stocked. Numerous studies will be needed before a clear understanding 
of Douglas-fir regeneration in the northern Rocky Mountains can be 
achieved. The purpose of this study was to invetigate the current 
status of Douglas-fir regeneration on the cutover lands, to determine 
the natural patterns of stand establishment operative in the Garnet 
Range and to compare what is present on the cutover lands with what 
might be expected given natural patterns. The specific objectives of 
the study were: 
1. To evaluate the natural regeneration on the cutover lands in a 
portion of the Garnet Mountains of western Montana in terms of 
stocking levels, species compositions, densities and age dis­
tributions . 
2. To correlate stocking levels of Douglas-fir on the cutover 
> 
units with some easily measured site parameters. 
3. To determine the age structure of several naturally derived 
stands of Douglas-fir in order to gain insight into the natural 
patterns of Douglas-fir stand establishment occurring in this 
area. 
4 
4. To develop some recommendations for Douglas-fir management in 
the Garnet Mountains and to suggest topics for further study. 
The data used in this study was collected while in the employ­
ment of the Bureau of Land Management (BLM) and contributed to a survey 
the BLM was conducting on its cutover lands in the Missoula area. 
Study sites were therefore located on BLM administered lands. 
Chapter 2 
DESCRIPTION OF THE STUDY AREA 
Location and Topography 
The study was located on the south facing slope of the Garnet 
range, north of the town of Bearmouth and approximately thirty miles 
east of Missoula (Figure 1). The Garnet range is situated within the 
triangle formed by the cities of Missoula, Lincoln and Garrison 
Junction, Montana. It is bounded on the south by the Clark Fork River 
and on the north and west by the Blackfoot River. An east-west divide 
separates the drainages of the Clark Fork River from those of the 
Blackfoot River. This east-west divide orientation is contrary to the 
north-south orientation of the majority of the mountain ranges in this 
region. All sampling locations were within the drainages of Bear Creek 
and Mulkey Gulch, which together encompass an area of approximately 
fifty square miles. The Bear Creek drainage is one of the major drain­
ages on the south slope of the Garnets and includes several large side 
drainages, the two most prominent of these being Ten Mile Creek and Deep 
Creek. 
The topography of the area is characterized by V-shaped drain­
ages, steep side slopes and broad gently sloping uplands. Elevations 
range from 3,800 feet at the mouth of Bear Creek to 6,800 feet at the 
divide. Much of the area has a very rugged appearance as a result of 
the steep slopes and the presence of cliffs and numerous rock outcrops. 
The current topography is described by Pardee (1917) as having been 
formed by the uplifting and subsequent incision of a relatively flat 
penelplain, thus the nearly accordant heights of the mountain tops and 
Figure 1 
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divides. 
Geology and Soils 
The first geologic mapping of this portion of the Garnet 
Mountains was conducted by Pardee (1917), followed by a more intensive 
survey of the Garnet-Bearmouth area undertaken by Kauffman in 1963. 
The bedrock geology shown in Figure 2 comes from a Bureau of Land 
Management map which represents the most current geologic mapping of 
this area (map date 1978). Most of the study area is underlain by lime­
stone and dolomite parent material, primarily of Devonian and Cambrian 
origin. Some volcanic material is present in the Ten Mile drainage, 
while the northern portion of the study area consists largely of quartz 
and argillite substrates comprising the Garnet Range Formation. 
The predominance of limestone bedrock throughout the study area 
contributes significantly to the drainage and vegetation of the study 
area. Bear Creek .disappears underground' into a limestone sinkhole 
several miles from its confluence with the Clark Fork River. Mulkey 
Gulch flows underground for most of its length. The other major streams 
in the study area are perennial, but the smaller side drainages often 
have water year round only in the upper portions of the drainage and dry 
up or go underground downstream. 
Soils derived from limestone parent materials tend to be 
droughty in nature and support plant communities indicative of drier 
habitats than soils derived from other parent materials in the same 
area. The droughty nature of the soils is due in part to the high per­
meability of the limestone rock which results in the rapid downward 
8 
Figure 2 Location of cutover units and old growth stands 
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percolation of rain and meltwaters to subsurface storage at considerable 
depths (Lindsley, 1949; Williams, 1969). The soils are often stony, 
shallow and low in fine earth content, but vary considerably depending 
on the impurities present in the rock (Lutz and Chandler, 1946). The 
chemistry of the limestone soils may also contribute to the vegetation 
differences seen between sites with limestone and dolomite substrates 
and sites with other parent materials (Goldin, 1976). 
Soil surveys of the area were currently in progress but had not 
yet been completed. 
Climate 
The south slope of the Garnet range is characteristically dry. 
Annual precipitation averages nine to ten inches at the lower elevations 
and twenty-five inches at the highest elevations (USDC, 1952). Most of 
the precipitation at the higher elevations probably comes in the form of 
snow, which may reach depths up to four feet. Very little rain falls 
during the summer months. The average summer temperatures range from 
forty degrees to eighty-five degrees with average winter temperatures 
between five and forty degrees (Steele, 1972; USDC, 1952). Extreme high 
and low temperatures are not uncommon. 
Microclimatic conditions at or near ground level are probably of 
greater significance for the establishment of seedlings than general 
weather patterns, since young seedlings are very susceptible to extreme 
temperatures or moisture stress. 
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Vegetation 
The zonation of vegetation within the study area responds pri­
marily to an increasing moisture gradient as one moves along an eleva-
tional transect extending from the Clark Fork River north to the divide. 
Topography and geology contribute significantly to moisture regimes. 
South facing slopes at the lowest elevations support grassland 
communities usually dominated by bluebunch wheatgrass (Agropyron spica-
tum) . Areas which have been heavily grazed are now dominated by intro­
duced weedy species such as spotted knapweed (Centaurea maculosa) and 
cheatgrass (Bromus tectorum). Open stands of Douglas-fir, ponderosa 
pine (Pinus ponderosa) and rocky mountain juniper (Juniperus scopulorum) 
occur on the north facing slopes. Rocky mountain juniper is a common 
associate with Douglas-fir on the drier sites of the study area. 
Ponderosa pine is found at the lower elevations but drops out rapidly 
above 4,500 feet. 
Further along the transect, tree cover appears on the south 
slopes similar to that which occupies the north slopes lower down, but 
the ponderosa pine is less frequent or absent. North facing slopes sup­
port Douglas-fir climax stands represented by the habitat types,2 
Pseudotsuga menziesii/Calamagrostis rubescens, Pseudotsuga menziesii/ 
Symphoricarpus albus, Pseudotsuga menziesii/Physocarpus malvaceus, and 
Pseudotsuga menziesii/Linnaea borealis. These are the most prevalent 
habitat types found throughout the study area. The Pseudotsuga 
2. Habitat type delineations follow: Pfister, R. D. et al. 1977. 
Forest Habitat Types of Montana. 
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menziesii/Physocarpus malvaceus habitat type occurs only at low to mid 
elevations, but the others occur at higher elevations as well, appearing 
on the south slopes as one gains in elevation. Many of the stands which 
key to these habitat types are pure stands of Douglas-fir. Approxi­
mately one fourth to one third of the forested land within the study 
area is composed of pure stands of Douglas-fir and most of these occur 
on limestone substrates. Western larch (Larix occidentalis) is an 
important serai component of the Douglas-fir climax stands on the north 
side of the Garnet mountains but is not found on the south side except 
at the higher elevations on subalpine fir (Abies lasiocarpa) climax 
sites situated on noncalcareous substrates. Stream bottoms in the mid-
elevational zone are dominated by Engleman spruce (Picea engelmannii), 
black Cottonwood (Populus trichocarpa), and wet site shrubs and forbs. 
Subalpine fir is first encountered in the drainage bottoms at 
mid elevations, extending up the north slopes at higher elevations and 
also appearing on the flatter upland areas. ' On limestone substrates, 
the transition from Douglas-fir climax sites to subalpine fir climax 
sites is usually characterized by a change in habitat type from 
Pseudotsuga menziesii/Linnaea borealis to Abies lasiocarpa/Linnaea 
borealis or Abies lasiocarpa/Xerophyllum tenax. Lodgepole pine (Pinus 
contorta) and Vaccinium spp. are rarely found on Douglas-fir climax 
sites over limestone but are not uncommon in the wetter subalpine fir 
habitat types (Goldin, 1976). 
On substrates other than limestone, habitat types such as 
Pseudotsuga menziesii/Vaccinium globulare may occur as intermediate 
steps in the transition from Douglas-fir climax to subalpine fir climax 
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sites, and lodgepole pine may be an important component of these wetter 
Douglas-fir habitat types. Generally the transition from Douglas-fir 
to subalpine fir climax occurs at lower elevation on noncalcareous sub­
strates than it does on calcareous substrates. The habitat types found 
on the highest and wettest portions of the study area are Abies 
lasiocarpa/Xerophyllum tenax, Abies lasiocarpa/Vaccinium globulare, 
Abies lasiocarpa/Linnaea borealis and Abies lasiocarpa/Menziesia ferru-
ginea, with some Abies lasiocarpa/Galium triforum present in the 
drainages. 
The changes in plant communities described here may occur 
abruptly, as is sometimes the case where two geologic formations meet, 
but more often the change from one vegetation type to another is quite 
gradual. Disturbances have altered the original vegetation composition 
in some areas from what was present before. The most notable of these 
disturbances is cattle grazing, which occurs throughout the study area 
during the summer months. Some creek bottom areas and cutover units 
have been so heavily grazed that little remains of the original vege­
tation and the sites have been taken over by introduced weedy species 
or in a few cases trampled bare of vegetation entirely. Harvesting 
practices may also temporarily alter the understory vegetation present 
on the site. 
Brief History 
The Garnet mountains have a recorded history of use dating back 
almost a century. Mining activities reached a peak in the late 1890fs 
when the town of Bearmouth boasted a population of 1,000 (BLM, unpub.). 
13 
Sporadic mining has continued over the years and is still occurring in 
portions of the study area. These mining activities have had a defi­
nite impact on the area. All of the major drainages in the study area 
have had portions dredged at some time. The lower Bear Gulch valley is 
completely filled with mine tailings. Small shaft mines occur through­
out the area The development that accompanied this mining has also 
had an impact, primarily in the building of roads and the harvesting of 
house logs, mine timbers and firewood. 
The Bureau of Land Management did not begin actively managing 
their holdings in this area until the 1950*s. Intensive timber har­
vesting has occurred on both private and federal lands over the last 
two decades. A checkerboard of land ownership exists with the Bureau 
of Land Management and Champion International Corporation comprising 
the major land owners. 
Chapter 3 
METHODS 
Regeneration Surveys 
The regeneration surveys were conducted for the Bureau of Land 
Management during the summer of 1978 as part of a project to inventory 
the current stocking levels on all of their cutover lands in the 
Missoula area. Selection cuts were excluded from the survey because of 
the difficulties involved in sampling and assessing regeneration suc­
cess where only a small percentage of the existing stand had been 
removed. The original goal was to sample all the clearcut, seedtree 
and shelterwood cutover units in the Bear Greek and Mulkey Gulch 
drainages but it soon became obvious that this could not be accom­
plished in one summer. An attempt was made to select units which would 
represent a good cross section of the variability present in terms of 
site, size, age and harvest conditions. 
The regeneration on the cutover units was sampled using a modi­
fication of the system that was currently being used by the Bureau of 
Land Management (BLM) . The sampling scheme consisted of a grid laid 
out across the unit with 1/300 acre circular plots located at one chain 
intervals along transect lines spaced three chains apart. The direc­
tion and placement of transect lines was designated in such a way as to 
best cover the unit. Systematic sampling was employed instead of 
random sampling because of the efficiency of the former and because the 
BLM wished to be able to identify portions of the unit which were well 
stocked or poorly stocked. It has also been shown that systematic 
sampling is preferable to random sampling in most vegetative studies 
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because the plants tend to be distributed in an aggregated or nonrandom 
fashion (Mueller-Dombois and Ellenberg, 1974). 
Plot size was in accordance with BLM desired stocking levels of 
300 well spaced trees per acre. Percent stocking was expressed in 
terms of this stocking standard. The circular plot shape has the least 
circumference for a given plot size and hence results in fewer border­
line trees. All plots were located on the ground by hand compass and 
paced distances and measured with a 6.8 foot radius pole. The grid 
layout described above resulted in a sampling intensity of three or 
four plots per acre, or approximately a one percent sample. A com­
parison of several different regeneration sampling methods by Kalten-
berg (1978) found that systems such as the one used here yield precise 
estimates of both stocking and stems per acre. 
At each plot the trees were tallied by species and aged. Age 
determinations were made by counting the bud scale scars and whorls 
where possible. Estimations of the age of older individuals were based 
on growth ring counts from selected individuals which were pulled up 
for this purpose. Some estimation was necessary since it would have 
been undesirable to destroy much of the regeneration. 
Additional information collected at each plot included the dis­
tance to a seed source and estimates of plantability and ground cover 
(Appendix A). The distance of each plot from a possible seed source 
was judged to be in one of four categories: A(0-10T), B(10-50!), 
C(50-100f)> or D(100f+). A plot was regarded as plantable if there was 
at least one spot in which a planted tree would survive without major 
site preparation efforts. This was a subjective assessment which took 
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into account such site factors as slope, aspect, vegetation, soils, 
shade and the amount of disturbance. Plantability estimates were 
gathered primarily to assist the BLM in their planning. Ground cover 
estimates were collected in order to obtain a rough approximation of 
the site and to determine whether differences existed between stocked 
and nonstocked plots. The coverages of soil, rock, duff, grass, forbs, 
shrubs, and slash were recorded as a percentage of the total horizontal 
area as viewed from above. Comments were recorded where something of 
interest was noticed regarding the condition of the site or the loca­
tion and vigor of the seedlings. 
Natural Stands 
Included in the natural stand portion of the study were several 
mature stands of Douglas-fir and one relatively young stand of Douglas-
fir. The young stand was the only one found on the study area and this 
is probably at least partly due to fire suppression activities over the 
past several decades. The old growth stands were selected for lack of 
man caused disturbance and ease of access. All were Douglas-fir climax 
stands, composed entirely of Douglas-fir and located on limestone sub­
strates. A tenth acre plot was set out in each of these stands and the 
heights and diameters (at 4.5T above ground) of all the trees within 
the plot were measured. Ages were obtained by using an increment borer 
to remove a core as close to the base of the tree as possible. Growth 
rings were counted with the aid of a magnifying scope. Trees too small 
to core were cut at the base and a cross section removed for growth 
ring counts. Seedlings (less than 1 ft. in height) were sampled by 
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randomly locating twenty plots, each one square meter in size, within 
the tenth acre plot and recording the height and age of seedings found 
in these plots. The habitat types, slopes and aspect were also 
recorded for each stand. 
The young stand of Douglas-fir originated following a fire 
which burned approximately thirty years ago in 1947 or 1948. This fire 
burned two adjacent patches, each about four acres in size and sepa­
rated by a thin strip of unburned timber. The point centered quarters 
method (Cottam and Curtis, 1956) was used to sample the regeneration 
present 'with ten points randomly located in each of the two portions of 
the burn. The height, age and distance from the point were recorded 
for the nearest tree in each of the four quadrants. All trees which 
could not be easily aged in the field were cut off at ground level and 
a cross section removed for growth ring counts. Several trees in the 
adjacent stand were also aged to determine the date of the fire and the 
age of the stand which had burned. 
Methods of Data Analysis 
Regeneration Surveys 
The percent stocking of each unit was calculated from the 
number of stocked plots in the sample and 95% confidence limits were 
constructed. Total density, as expressed by stems per acre, was esti­
mated by dividing the total number of trees encountered by the total 
acreage sampled on each unit. Estimates of frequency and density were 
calculated by species for each unit and importance values were computed 
as the sum of relative frequency plus relative density. The overall 
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density, frequency and importance of the six species encountered was 
calculated for all units combined. The relationship between percent 
stocking and density of Douglas-fir was plotted to show the degree of 
aggregation of the Douglas-fir regeneration. 
Age distributions were determined by designating nine age 
classes and calculating the stems per acre by species in each age class 
for individual units and over all units. Age classes were in incre­
ments of three years beginning at 1-3 years and going up to 254- years. 
Overall age distributions of the four most important species were 
plotted for comparison. The relationship between the average age of 
the post harvest regeneration and the age of the cut was also plotted 
to show the difference between species. 
The distance to seed source data was analyzed using a Chi-
squared Test of Independence (Ott, 1977) to determine whether Douglas-
fir stocking was independent of seed source distance. Ground cover 
data was compiled into stocked and nonstocked averages by cover type 
(soil, rock, duff, grass, forbs, shrubs, slash) for each unit. Dis­
criminant analysis was used to determine the degree of similarity 
between stocked and nonstocked plots on the basis of the seven cover 
types. To determine whether any of the seven cover types showed sig­
nificant differences between stocked and nonstocked plots when taken 
separately, a Wilcoxon's Ranked Sign Test^ (Ott, 1977) was used with a 
.05 significance level. This test also indicated whether the variable 
had a positive or negative effect on stocking. A regression analysis 
3. A nonparametrie test was used here because the data did not conform 
to the assumptions necessary for the use of a parametric test. 
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was used to try and correlate stocking levels of Douglas-fir to some 
measured or otherwise available characteristics of the cutover units. 
Potentially useful independent variables were plotted against stocking 
levels of Douglas-fir and were incorporated into the regression equa-
2 
tion only if they showed some indication of correlation (r of at least 
.3). Percentages were transformed using the arc-sin transformation to 
remove the binomial dependence of variances on values of p (Ott, 1977). 
Natural Stands 
For each old growth stand, the spatial distribution of ages, 
the distribution of ages over time and the relationship between dia­
meter and age are presented graphically. Estimates of stems per acre, 
mean height, mean diameter and mean age were calculated. The same 
information is presented for the burn site with the exception of the 
spatial distribution of ages. 
Chapter 4 
RESULTS 
Regeneration Surveys 
During the summer of 1978, a total of 2,733 plots were sampled 
over twenty-five different cutover units. These cutover units ranged 
in size from nine to eighty-eight acres and included seventeen clear-
cuts, five seedtree cuts and three shelterwood cuts. The relative 
frequency of the three harvest methods in the sample approximates that 
found in the study area. Habitat types from Pseudotsuga menziesii/ 
Calamagrostis rub esc ens at the warm, dry end of the spectrum to Abies 
lasiocarpa/Menziesia ferruginea at the cool, moist end of the spectrum 
were encountered. Most of the units were seven to twelve years old. 
The stocking levels found on the cutover units ranged from 
thirteen to ninety-seven percent of full stocking, with both the high 
and the low stocking occurring on Douglas-fir climax clearcuts. Den­
sity levels fell between 110 and 3,000 stems per acre. The overall 
stocking was forty-seven percent and the overall density was 769 stems 
per acre (Table 1). Douglas-fir was the only tree species found regen­
erating on four of the units and was the most important species, in 
terms of relative frequency and relative density, on all of the other 
units (Table 2). Eighty percent of the frequency and eighty-nine per­
cent of the density was attributed to Douglas-fir. The other species 
encountered, in descending order of importance, were Pinus contorta 
(lodgepole pine), Abies lasiocarpa (subalpine fir), Picea engelmannii 
(Engleman spruce), Larix occidentalis (western larch), and Pinus pon-
derosa (ponderosa pine). Western larch and ponderosa pine were minor 
Table 1. Summary of Regeneration on the Cutover Units. 
Unit 
Harvest 
Type 
Acres Plots Stocked 
Plots 
% Stocking 95% Confidence 
Limits on 
Stocking Level* 
# of 
Trees 
Stems 
Per acre 
Trees 
per 
Stocked Plot 
Walker Gulch 
1. Unit 3 
CC 9 36 35 .97 (.913, 1 .000) 337 2810 9.6 
Flying Squirrel 
2. Unit 2 
ST 9 30 26 .87 (.747, .933) 148 1480 5.7 
1910 Ridge 
3. Unit 1 
SW 34 111 96 .86 (.794, .926) 1103 2981 11.5 
Ten Mile 
4. Unit 4 
CC 21 86 66 .77 (.679, .861) 240 837 3.6 
Cannonball Gulch 
5. "unit 4 
CC 26 83 58 70 (.599, .801) 257 929 4.4 
1910 Ridge 
6. Unit 5 
ST 15 55 35 .64 (.511, .769) 255 1390 7.3 
Walker Gulch 
7 Unit 4 
ST 72 200 123 .61 (.541, .679) 473 710 3.8 
Flying Squirrel 
8. Unit IB 
ST 30 92 55 .60 (.498, .702) 246 801 4.5 
Mulkey Pass 
9. Unit I 
SW 20 60 34 .57 (.442, .698) 113 565 3.3 
Pearl Ridge 
10. Unit 2 
SW 88 252 141 .56 (.498, .623) 499 493 3.5 
Wet Mulkey Gulch 
11. Unit 5 
CC 17 78 44 .56 (.448, .672 170 593 3.9 
Wet Mulkey Gulch 
12. Unit 3 
CC 9 43 23 .53 (.378, .682) 151 1053 6.6 
Wet Mulkey Gulch 
13. Unit 2 
CC 32 130 65 .50 (.412, .588) 195 450 3.0 
Cannonball Gulch 
14. Unit 2 
CC 23 101 49 .48 (.381, .579) 203 603 4.1 
Cave Gulch 
15. Unit 5 
CC 25 124 60 .49 (.390, .570) 230 556 3.8 
Cave Gulch 
16. Unit 1 
CC 34 124 53 .43 (.341, .519) 602 1456 11.3 
Flying Squirrel 
17. Unit 1A 
ST 24 89 37 .42 (.315, .525) 193 651 5.2 
Cannonball Gulch 
18. Unit 3 
CC 22 94 38 .40 (.299, .501) 133 423 3.5 
Cannonball Gulch 
19. Unit 1 
CC 22 109 43 .39 (.297, .483) 308 848 7.1 
Cave Gulch 
20. Unit 4 
CC 25 125 48 .38 (.293, .467) 199 478 4.1 
Cave Gulch 
21. Unit 2 
CC 25 124 40 .32 (.236, .409) 345 834 8.6 
Ten Mile 
22. Unit 6 
CC 54 199 58 .29 (.226, .354) 320 482 5.5 
1910 Ridge 
23. Unit 2 
CC 20 69 17 .25 (.146, .354) 60 260 3.5 
Ten Mile 
24. Unit 2 
CC 40 132 27 .20 (.130, .270) 49 109 1.8 
Cave Gulch CC 59 187 25 .13 (.081, .179) 173 279 
6.9 
TOTALS 755 2733 1296 .475 (.274, .674) 7002 769 5.4 
CC - Clearcut 
ST » Seedtree cut 
SW • Shelterwood cut 
Table 2. 
Frequency, Density and Importance of Tree Species Found on Cutover Units. 
Relative Relative 
Species Frequency Frequency Density Density Importance 
Walker Gulch Psme 97 100 2808 100 200 
Unit 3 all species 97 100 2808 100 200 
Flying Squirrel Psme 87 97 1300 88 167 
Unit 2 Pico 20 18 170 11 29 
Abla 3 3 10 1 4 
all species 87 100 1480 100 200 
1910 Ridge Psme 81 63 2689 90 153 
Unit 1 Pico 2 1 8 0 2 
Laoc 11 9 76 3 11 
Abla 11 9 73 2 11 
Pien 23 18 135 5 22 
all species 86 100 2981 100 200 
Ten Mile Psme 66 63 624 74 137 
Unit 4 Pico 5 5 14 2 6 
Laoc 3 3 17 2 5 
Abla 14 13 126 15 28 
Pien 17 16 56 7 23 
all species 77 100 837 100 200 
Cannonball Gulch Psme 67 68 727 78 146 
Unit 4 Pipo 6 6 18 2 8 
Pico 18 18 90 10 28 
Laoc 5 5 14 1 6 
Abla 2 2 80 9 11 
all species 70 100 929 100 200 
1910 Ridge Psme 56 58 954 67 127 
Unit 6 Pico 13 14 71 5 19 
Abla 16 17 300 21 38 
Pien 11 11 65 5 16 
all species 64 100 1390 100 200 
Walter Gulch Psme 61 97 705 99.3 196 
Unit 4 Pipo 1 2 3 0.4 2 
Pico 0.5 1 2 0.3 1 
all species 61 100 710 100 200 
Flying Squirrel Psme 58 78 695 87 165 
Unit IB Pico 4 5 42 5 10 
Laoc 1 1 3 1 2 
Abla 6 8 26 3 11 
Pien 5 7 36 4 11 
all species 60 100 802 100 200 
Mulkey Pass Psme 55 95 555 98 193 
Unit 1 Pico 3 5 10 2 7 
all species 57 100 565 100 200 
Pearl Ridge Psme 56 95 568 95.5 190 
Unit 2 Pico 2 3 23 3.8 7 
Pien 1 2 4 0.7 3 
all species 56 100 595 100 200 
Frequency, Density and Importance of Tree Species Found on Cutover Units 
(Continued) 
Relative Relative 
Species Frequency Frequency Density Density Importance 
Wet Mulkey Gulch Psme 51 70 473 72 142 
Unit 5 Pico 9 12 69 11 • 23 
Abla 13 18 111 17 35 
all species 56 100 653 100 200 
Wet Mulkey Gulch Psme 44 56 565 54 110 
Unit 3 Pico 23 29 453 43 72 
Pien 12 15 35 3 18 
all species 53 100 1053 100 200 
Wet Mulkey Gulch Psme 48 87 406 90 177 
Unit 2 Pico 7 13 44 10 23 
all species 50 100 450 100 200 
Cannonball Gulch Psme 37 57 368 61 118 
Unit 2 Pipo 4 6 12 2 8 
Pico 17 26 193 32 58 
Abla 5 8 24 4 12 
Pien 2 3 6 1 4 
all species 48 100 603 100 200 
Cave Gulch Psme 46 84 515 93 177 
Unit 5 Pico 6 11 29 5 16 
Abla 3 5 12 2 7 
all species 48 100 556 100 200 
Cave Gulch Psme 41 93 1446 99 192 
Unit 1 Pico 3 7 10 1 8 
all species 43 100 1456 100 200 
Flying Squirrel Psme 41 100 650 100 200 
Unit 1A all species 42 100 650 100 200 
Cannonball Gulch Psme 34 81 392 92.5 173.5 
Unit 3 Pipo 6 14 19 4.5 18.5 
Pico 2 5 13 3 8 
all species 40 100 424 100 200 
Cannonball Gulch Psme 33 67 771 91 158 
Unit 1 Pipo 5 10 16 2 12 
Pico 1 2 3 0.3 2.3 
Abla 5 10 30 3.5 13.5 
Pien 5 10 27 32 13.2 
all species 39 100 847 100 200 
Cave Gulch Psme 38 100 478 100 200 
Unit 4 all species 38 100 478 100 200 
Cave Gulch Psme 32 100 835 100 200 
Unit 2 all species 32 100 835 100 200 
Ten Mile Psme 27 69 377 78 147 
Unit 6 Pipo 0.5 1 1.5 0.3 1.3 
Pico 10 26 98 20.6 46.6 
Abla 1 3 1.5 0.3 3.3 
Pien 0.5 1 4 0.8 1.8 
all species 29 100 482 100 200 
1910 Ridge Psme 20 71 218 83.5 154.5 
Unit 2 Abla 7 25 39 15 40 
Pien 1 4 4 1.5 5.5 
all species 25 100 261 100 200 
Ten Mile Psme 16 76 86 77.5 153.5 
Unit 2 Pico 5 24 25 22.5 46.5 
all species 20 100 111 100 200 
Cave Gulch Psme 13 96 276 99 195 
Unit 3 Pico 0.5 4 2 1 5 
all species 13 100 298 100 200 
Total All Units Psme 44.4 80.0 686 89 169 
Pipo 0.8 1.4 3 0.4 2 
Pico 4.8 8.6 40 5 13.6 
Laoc 0.7 1.3 4 0.5 2 
Abla 2.7 5.0 23 3 8 
Pien 2.0 3.6 12 2 5.6 
all species 47.4 100 768 100 200 
Psme • Pseudotsuga menziesii Abla • Abies lasiocarpa 
Pipo - Pinus ponderosa Pien « Picea engelmannli 
Pico « Pinus contorta 
Laoc • Larix occidentalis 
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components of the total regeneration and almost all of the ponderosa 
pine trees had been planted. 
Whereas overall frequency indicates that only about half of the 
cutover area is stocked, overall density is more than twice the stock­
ing standard of 300 trees per acre. If the regeneration were distri­
buted uniformly over the units, then one would expect densities of 300 
stems per acre or more to be associated witli high stocking levels. The 
discrepancy results from the regeneration not being distributed uni­
formly but rather being more or less aggregated. Figure 3 shows the 
relationship between percent stocking of Douglas-fir and density or 
stems per acre of Douglas-fir. The graph indicates a fairly high 
degree of aggregation since approximately 3,000 stems per acre of 
Douglas-fir would be needed to achieve full stocking. Stocked plots 
had an average of two to eleven trees per plot (Table 1), with some 
plots containing as many as 100 to 200 young Douglas-fir. 
The age distribution by species for each unit is presented in 
Table 3. It is interesting that eighty-seven percent of the Douglas-
fir regeneration is in the four to six year age class and resulted 
from a single seed crop produced in 1974, making the trees four years 
old at the end of the 1978 growing season. Almost no seedlings were 
encountered which were less than four years old. This pattern was 
found on all of the cutover units sampled. Out of a total density of 
769 stems per acre, 601 of these were four year old Douglas-fir (Figure 
4). Without this one age of Douglas-fir the units would have been vir­
tually nonstocked. Figure 5 shows the relationship between the harvest 
date and the average age of the post harvest regeneration. Since there 
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Figure 3. Relationship Between Percent Stocking and Stems per Acre 
of Douglas-fir for Cutover Units 
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Table 3. Stems per acre by age class of tree species on cutover units. 
Flying Squirrel 9 Psme — _ 840 10 20 40 100 120 100 ~ 60 1290 
Unit 2 Pico 70 70 10 - - 30 - - - 180 
Abla - - - - - 10 - - - - 10 
1480 
1910 Ridge 8 Psme 16 2478 141 27 27 _ _ _ _ 2689 
Unit 1 Pico 5 3 - - - - - - - 8 
Laoc 67 16 3 - - - - - - 76 
Abla - 8 22 13 8 5 3 3 11 73 
Pien 40 84 8 - - - - 3 - 135 
2981 
Ten Mile 12 Psme _ 415 42 160 3.5 _ _ - 3.5 624 
Unit 4 Pico 7 - 3 .5 3.5 - - - - - 14 
Laoc - 14 3 - - - - - - 17 
Abla - 1 35 52 11 11 3 3 - 126 
Pien 11 3 28 14 - - - - - 56 
837 
Cannonball Gulch 10 Psme 4 571 36 43 22 18 18 11 4 727 
Unit 4 Pipo - 18 - - - - - - - 18 
Pico 4 36 40 11 - - - - - 91 
Laoc - 7 7 - - - - - - 14 
Abla - 32 43 - - - - - 4 79 
929 
1910 Ridge 7 Psme 862 38 16 5 11 11 11 _ 954 
Unit 6 Pico 44 27 - - - - _ - - 71 
Abla - - 22 60 55 44 33 33 54 300 
Pien 16 38 5. 5 - - - - 5.5 - 65 
1390 
Walker Gulch 12 Psme 2 624 4 73 2 _ _ 705 
Unit 4 Pipo - 1. 5 1. 5 - - - - - - 3 
Pico - 1. 5 - - - - - - - 1. 
710 
Flying Squirrel 9 Psme 486 52 88 26 20 13 10 _ 695 
Unit IB Pico 20 23 - - - - - - - 43 
Laoc 3 - - - - - - - - 3 
Abla - - 3 10 3 3 - 6 - 25 
Pien - 13 13 - 3 - - 3 3 35 
801 
Mulkey Pass 15 Psme 485 _ 45 10 5 5 " 5 555 
Unit 1 Pico 5 5 - - - - - - - 10 
565 
Pearl Ridge 4 Psme 6 557 2 2 _ _ _ _ 567 
Unit 2 Pico 23 - - - - - - - - 23 
Age Classes 
4-6 
2533 
 
7-9 10-12 
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13-15 16-18 19-21 22-24 25+ Total 
2810 
2810 
 
 
 
Pien 2 1 
5 
3 
593 
[oca!  
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653 
565 
453 
35 
L053 
407 
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369 
12 
192 
24 
6 
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517 
28 
11 
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1446 
10 
1456 
651 
651 
392 
19 
12 
423 
769 
16 
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33 
27 
848 
834 
834 
377 
1 
98 
1 
4 
482 
218 
38 
4 
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per acre by age class of tree species on cutover units. (Continued) 
Age Classes 
Years [ 
Since 
Harvest Species 1-3 4-6 7-9 10-12 13-15 16-18 19-21 22-24 
9 Psme 4 219 31 181 8 11 11 -
Pico 38 15 15 - - - -
Abla 27 31 46 - -
Psme — 530 - 35 
Pico 209 209 35 
Pien 7 28 -
Psme - 337 18 
Pico 11 23 9 
10 Psme - 276 21 15 15 12 15 
Pipo 12 
Pico 53 68 56 15 -
Abla - 6 3 6 3 3 3 
Pien - 3 3 
Psme - 402 12 34 22 22 10 5 
Pico 2 19 7 - - -
Abla - 22 - - 5- 2 
9 Psme - 1435 
Pico - 10 
Psme - 627 17 
Psme - 357 13 
Pipo 19 
Pico 3 6 3 
12 Psme - "616 11 44 16 22 19 16 
Pipo - -16- - - -
Pico 3-- - - - - -
Abla - 3 11 5 14 -
Pien 5 11 8 - 3 - -
442 10 24 
12 . Psme - 306 36 32 - 1.5 1.5 
' Pipo - - - 1.5 -
Pico 27 29 33 9 -
Abla - - - 1.5 
Pien - 1.5 3 
Psme - 135 9 43 22 
Abla - 4 17 13 4 
Pien - 4 
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Table 3. Stems per acre by age class of tree species on cutover units. (Continued) 
Age Classes 
Years [ ] 
Unit Since 
Harvest Species 103 4-6 7-9 10-12 13-15 16-18 19-21 22-24 25+ Total 
Ten 1 Mile 12 Psme 54 2 27 2 _ _ _ - 85 
Unit 2 Pico 4 9 7 - - - - - 24 
109 
Cave Gulch 9 Psme - 268 2 - 3 2 2 - - 277 
Unit 3 Pico - 2 - - - - - - - 2 
279 
Psme number 15 5473 179 352 67 55 46 32 33 6252 
percent 00. 2 87, . 5 02.9 05.6 01.1 00.9 00.7 00. 5 00.5 100 
stems/acre 2 601 20 39 7 6 5 3 4 687 
Pico number 132 137 72 18 0 3 0 0 1 363 
percent 36. 4 37, .7 19.8 04.9 - 00.8 - - 00.3 100 
stems/acre 14 15 8 2 0 0.3 0 0 0.1 39.4 
Abla number 0 27 53 54 25 17 8 11 17 212 
percent - 12, .7 25.0 25.5 11.8 08.0 03.8 05. 2 8. 100 
stems/acre 0 3 6 6 3 2 1 1 2 24 
Pi en number 26 55 21 5 2 0 0 3 1 113 
percent 23 .0 48, . 7 18.6 04.4 01.8 - - 02. 6 00.9 100 
stems/acre 3 6 2 0.5 0.2 0 0 0. 3 0.1 12.1 
Laoc number 22 12 4 0 0 0 0 0 0 38 
percent 57 .9 31, .6 10.5 - - - - - - 100 
stems/acre 2 1 0.4 0 0 0 0 0 0 3.4 
Pipo number 0 6 17 1 0 0 0 0 0 24 
percent - 25 .0 70.8 04.2 - -
0 
- - 100 
stems/acre 0 0 .6 2 0.1 0 0 0 0 2.7 
Psme ® Pseudotsuga menziesii 
Pipo = Pinus ponderosa 
Pico = Pinus contorta 
Laoc « Larix occidentalis 
Abla a Abies Lasiocarpa 
Pien = Picea englemannii 
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Figure 4. Overall Age Distribution of Tree Species oil Cutover Units 
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appears to have been only one significant input of Douglas-fir regener­
ation over the past twelve to fifteen years, there is little correla­
tion between the age of the Douglas-fir regeneration and the age of the 
cut. The average age of the lodgepole pine exhibits a much stronger 
correlation to the age of the cut since the input of lodgepole pine 
regeneration has been fairly even over the years. 
The distance of a plot to a seed source proved to significantly 
affect stocking of Douglas-fir on thirteen of the twenty units on which 
it was measured (Table 4). Those units where it was insignificant 
included all three of the shelterwood cuts, two seed tree cuts and two 
clearcuts. One of the clearcuts was on a very moist site where condi­
tions were unusually favorable for Douglas-fir establishment and the 
other was on an extremely harsh site. 
Discriminant analysis of the ground cover data resulted in a 
pairwise squared generalized distance between stocked and nonstocked 
groups of 1.039 units. This indicates a great deal of similarity. 
However, when stocked and nonstocked averages were compared for each 
cover type separately, using the WilcoxonTs Ranked Sign Test, differ­
ences were found at the .05 significance level for five out of the 
seven cover types. Only the forb and shrub categories showed no sig­
nificant difference between stocked and nonstocked averages. Stocked 
plots had higher percentages of soil, rock and duff and lower percent­
ages of slash and grass. 
Attempts to predict Douglas-fir stocking with some site charac­
teristics resulted in a regression equation which contained the vari­
ables: size of the unit, percent plantable spots, average distance 
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Table 4. Chi-square Test of Independence Between Douglas-fir Stocking 
and Distance to a Seed Source. 
Unit 
Type Percent Calculated 
of Stocking Chi-square 
Acres Cut Douglas-fir Value 
Ten Mile 
Unit 6 
54 CC 27% 63.11 
Cave Gulch 
Unit 2 
25 CC 32% 45.61 
Cave Gulch 59 CC 13% 
Unit 3 
-Cannonball Gulch 22 CC 33% 
Unit 1 
Cave Gulch 34 CC 41% 
Unit 1 
Ten Mile 40 CC 16% 
Unit 2 
Cannonball Gulch 22 CC 34% 
Unit 2 
Cave Gulch 25 CC 38% 
Unit 4 
Flying Squirrel 30 ST 58% 
Unit IB 
Cave Gulch 25 CC 46% 
Unit 5 
43.40 
38.39 
35.50 
23.83 
23.50 
14.55 
10.56 
9.70 
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Cannonball Gulch 
Unit 4 
26 CC 67% 8 . 8 1  
Flying Squirrel 
Unit 1A 
24 ST 42% 8.41 
1910 Ridge 20 CC 20% 6.86 
Unit 2 
1910 Ridge 34 SW 81% 6.81 
Unit 1 
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Table 4. Chi-square Test of Independence Between Douglas-fir Stocking 
and Distance to a Seed Source. (Continued) 
Type Percent Calculated 
of Stocking Chi-square 
Unit Acres Cut Douglas-fir Value 
Ten Mile 21 CC 66% 4.80 Vjj Cj 
Uni*- £ & — - ' O- H-
n> i 
OP CD 
Pearl Ridge 88 SW 56% 0.32 J c 
Unit 2 £ £ co 
CD 
Flying Squirrel 9 ST 87% 0.17 ^ < 
Unit 2 21 p " U 
0) fD 
Milkey Pass 20 SW 55% 0.16 g* 
1 
1910 Ridge 15 ST 56% 0.03 ^ 
Unit 6 ^ » T3 O"̂  
fa rt> 
CO 
li 
• o 
O rt 
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II 
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to a seed source and the average percent soil and duff. The soil and 
duff variable added significantly to the F value at the .1 significance 
level but not at the .05 significance level. The variables climax tree 
species, elevation and harvest date did not prove useful in predicting 
stocking levels of Douglas-fir. The analysis of variance table with 
the soil and duff variable included is presented below. 
Degrees of Sum of Mean Overall 
Source freedom squares squares F 
Regression 4 3265.88 816. 47 
13.77 
Residual 20 1185.99 59. ,30 
Beta Standard Partial 
Source coefficient error of Beta T-ratio 
intercept 26.2814 
xi 0.6729 0.1518 4.4315 
X2 
1879.87 460.061 4.0861 
X3 -0.0947 0.0459 -2.0644 
X4 -0.4376 0.3301 -1.3259 
Standard error of Y = 7.7006 
Adjusted r^ = .6803 
where: = the percent plantable spots 
X£ = the reciprocal of the unit size in acres 
= the average distance to a seed source 
X^ = the average percent soil and duff on the unit 
During the course of the sampling, several phenomena were 
observed concerning the regeneration of Douglas-fir that are worthy 
of mention. The first involves the occurrence of Douglas-fir seedlings 
in apparent association with certain shrub species. The two shrubs for 
which this was observed were Ceanothus velutinus and Ribes viscosissi-
mum. On units where these shrub species occurred, seedlings were more 
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frequently encountered beneath the shrubs than elsewhere, and the 
seedlings under the shrubs generally appeared larger and healthier than 
individuals elsewhere. 
The second observation concerned the heights of the Douglas-fir 
regeneration on the cutover units. A picture of an average four year 
old Douglas-fir taken from one of the cutover units is shown in photo 
1. The four year old Douglas-fir ranged in height from less than one-
half inch to three or four inches tall. Seven and eight year old 
Douglas-fir encountered were usually only six to eight inches tall. 
Heights for the older Douglas-fir regeneration were probably less than 
normal because of damage to the trees by the spruce budworm (Choristo-
neura occidentalis) . Many of the eight to twelve year old Douglas-fir 
were developing a bush-like appearance from the budworm defoliation. 
However, even on very favorable sites where the spruce budworm impact 
was light, slow initial growth of the Douglas-fir regeneration was 
observed. Generally the Douglas-fir in this area are not readily 
visible until they are ten to twelve years old. 
Natural Stands 
Old Growth Stands 
The location of the three old growth stands sampled is shown in 
Figure 2. Stand A was located in the Cave Gulch drainage on a north­
west exposure. The stand had a parklike appearance and most of the 
trees were fire scarred. Heart rot was found in some of the trees, 
which made it difficult to determine their age. The site appeared to 
be fully occupied and growth on the trees over the last decade was 
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PHOTO 1. Size of a normal four year old Douglas-fir found on the 
cutover units. 
•U seasons 
growth 
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minimal. 
Stand B was on a south facing slope in the upper Deep Creek 
drainage. This stand was more open than Stand A and the trees tended 
to occur in clumps, which were separated by fairly large openings. The 
dominant trees in this stand appeared quite healthy and were still 
exhibiting reasonable growth rates. The stand in general did not 
appear stagnated. 
Stand C was located on the north facing side of the Ten Mile 
Creek drainage. Trees in this stand were fairly dense and the downfall 
present indicated higher densities at some earlier date. Defoliation 
by Spruce budworm (Choristoneura occidentalis) has resulted in sparse, 
poor looking crowns. Growth over the last decade has been quite slow 
and the stand appears to be deteriorating. 
A summary of the measurements taken on these three stands is 
given in Table 5. Almost all of the seedlings sampled were four years 
old, which corresponds to what was found on the cutover units. Perhaps 
of greater interest, however, are the seedling densities found under 
these old growth stands. In all three stands the seedling densities 
are in excess of densities found on any of the cutover units, espe­
cially in Stand C which had over 30,000 seedlings per acre. 
The age distributions of the three old growth stands are pre­
sented in Figure 6. Common to all three stands is the absence of 
intermediate age classes. Tree .ages in Stand A are spread out over a 
130 year time span. Fire scars on these trees showed evidence of at 
least four different fires which burned through the stand at intervals 
of thirty to sixty years. Stand B had a fire dating back approximately 
Table 5. Summary of Old Growth Stand Measurements. 
Tree Strata - l/10th acre plot 
Aspect Elevation 
% 
Slope 
Stems 
per 
Acre 
Height (feet) Diameter (inches) Age (years) 
n X a . a .  n X s. e. n X s.e. 
Stand A 
310° 
NW 
5,400 30-35 470 Psme/Libo/Syal 47 50.74 19.69 47 8.15 5.22 43 209.35 35.55 
Stand B 
172° 
S 
5,900 25 320 Psrae/Caru/Caru 32 36.37 27.20 32 6.89 5.79 32 126.25 25.91 
Stand C 
350° 
N 
4.600 35 490 Psme/Libo/Syal 49 46.90 14.11 49 7.16 2.96 49 190.00 11.89 
Seedlings - Twenty 1-square-meter plots 
Frequency Density Stems/Acre Mean Age Age Distribution Mean Height (inches) 
range nuaber age 
Stand A .25 2,642 4 18 4 yrs 1.84 1.3 - 2.3 
Stand B .35 3,035 3.8? 
1 2 yrs 1.1 
14 4 yrs 2.01 1.1 - 2.9 
Stand C .90 32,375 4.46 
1 2 yrs 1.8 
155 4 yrs 1.97 1.2 - 2.8 
2 
J 
18 yrs 
20 yrs 
6.2 6.1-6.3 
5.5 5.2 - 6.0 
Number of trees per 1/1Oth acre plot 
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130 years which seems to have divided the age distribution into two 
groups, those that survived the fire and those that came in afterwards. 
No fire scars were found in Stand C and the majority of the ages in 
this stand fall within a thirty year period. 
A certain amount of error in aging these trees is not only pos­
sible but probable. The slow initial growth rate of Douglas-fir makes 
it difficult to obtain accurate ages using an increment borer. The 
assigned ages are assumed in nearly all cases to be within five years 
of the true age. The spatial distribution of ages within each plot and 
the diameter-age relationships for the three stands are given in appen­
dices B and C respectively. 
Young Stand 
Fire scar dates from the trees in the surrounding stand set the 
date of the fire at approximately thirty years, having occurred in 1947 
or 1948. The fire was obviously hot enough to kill all the trees on 
the two adjacent four acre patches, but not hot enough to totally con­
sume them. Since there are still many snags standing, it is assumed 
that directly after the fire the number of dead standing trees was 
quite high. The habitat types on the burn site are Pseudotsuga 
menziesii/Symporicarpus albus and Pseudotsuga menziesii/Physocarpus 
malvaceus. Elevations range from 5,200 feet to 5,590 feet at the ridge 
line. Aspect is northwest (290°-310°) and slopes average forty to 
forty-five percent. In general, the site is quite dry and not one of 
the better Douglas-fir sites in the study area. The soils are derived 
from limestone and dolomite parent materials and are very rocky and 
shallow. 
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The regeneration on the burn site is entirely Douglas-fir and 
forms a dense green thicket over most of the area (Photo 2). Density 
estimates of 5,300 stems per acre for the upper portion of the burn and 
14,450 stems per acre on the lower portion were calculated. The mean 
age for both portions was 17.5 years, with ages ranging from two to 
thirty years. Figure 7 shows the age distribution found on the burn 
site. The height of the oldest, dominant individuals was six to seven 
feet. The mean height on the upper burn was 3.2 feet and the mean 
height for the lower burn was 2.5 feet. Although some individual trees 
had begun to stagnate, others appeared to be growing very well, accumu­
lating up to a foot of height growth per year. Spruce budworm damage 
to trees in the central portion of the burn areas was minimal; however, 
the damage was much more pronounced near the perimeters of the burn. 
On both the upper and lower burn areas, there existed a corridor 
between the surrounding timber and the main burn area in which the 
regeneration was sparse and quite severely stunted. This corridor was 
approximately ten to twenty feet in width and is shown in Photo 3. 
This same corridor effect was also noticed further downslope on an 
older burned area. 
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PHOTO 2. A young stand of Douglas-fir which originated as a result 
of a wildfire that burned thirty years ago. 
Figure 7. Age Distribution on Burned Site 
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PHOTO 3. Depiction of the corridor found between the surrounding 
stand and the main body of regeneration on the burn site, 
in which regeneration was sparse and stunted. 
Chapter 5 
DISCUSSION 
Regeneration Surveys 
The natural establishment of tree seedlings on a site is 
dependent on a multiplicity of factors interacting in time and space to 
produce favorable regimes of heat, light, moisture and nutrients during 
critical periods of seed production, germination and establishment. 
Natural regeneration implies a reliance on seed furnished by 
trees adjacent to or distributed over the area to be stocked. McArdle 
and Isaac (1933) estimated that at least 400,000 Douglas-fir seeds are 
needed to stock a single acre. Despite their assessment of the ability 
of Douglas-fir seed to travel distances up to 1,000 feet, they felt 
that at least ten to twelve seed trees per acre would be necessary to 
insure adequate seed quantities for full stocking of the site. This 
recommendation appears to be in agreement with the distance to seed 
data gathered on the cutover units, where stocking of individual plots 
dropped off as the distance to seed increased. Ten to twelve seed 
trees per acre would result in distances no greater than sixty to 
seventy feet and while fifty-nine percent of the plots less than fifty 
feet from a seed source were stocked, only twenty-six percent of those 
greater than fifty feet from a seed source were stocked. 
Since Douglas-fir seed is only viable for one year (McArdle and 
Isaac, 1933), each spring's regeneration input is dependent on the seed 
crop of the previous fall. Studies of Douglas-fir in the Pacific 
northwest region indicate that good seed crops occur on the average 
every two to seven years, with at least one year out of every four or 
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five in which no seed is produced (Isaac, 1943). Good or fair crops of 
rocky mountain Douglas-fir seed have been found to occur approximately 
fifty-eight percent of the time (USDA, 1965). 
Seed production begins with the initiation of flower bud pri-
mordia in the spring and follows a seventeen month cycle, ending with 
maturation in the fall of the following year (Allen and Owens, 1972). 
During this period, several factors can affect the amount of seed pro­
duced. Lowry (1966) found definite correlation between good seed crops 
of Douglas-fir on the west coast and specific weather trends over a 
thirty month period prior to seed shed. Factors other than climate 
which have an effect on the seed crop include nutrition, insects and 
disease. The relatively high levels of spruce budworm populations in 
the Garnet Mountains in recent time could have reduced Douglas-fir seed 
production, since the budworm larvae feed on the new year's growth of 
leaves, buds and flowers. 
While both climatic conditions and the spruce budworm may have 
contributed to infrequent seed crops within the study area, lack of 
successful regeneration is not necessarily an indication of lack of 
seed. The seed crop produced during the fall of 1978 in the Garnet 
Mountains was definitely better than average, but resulted in almost 
no seedling establishment. Conditions favorable for seed production 
must be followed by conditions favorable for seedling establishment for 
successful regeneration to occur. Foiles and Curtis (1965) reported 
that 1963 was the first good year of ponderosa pine establishment in 
central Idaho since 1941, a period of twenty-two years. One of the 
most interesting points brought out in this study was that regeneration 
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of ponderosa pine had occurred on scarified harvest units prior to 
1963, but not on unscarified units or in uncut stands. During the 
summer of 1963, seedlings became established everywhere, regardless of 
site condition. 
The discrepancy that seems to exist between the rather even 
establishment of Douglas-fir over time on the burn site and the spo­
radic influx of regeneration on the cutover units, can perhaps be par­
tially explained in light of this study of ponderosa pine. If estab­
lishment during years when climatic conditions are less than optimum 
occurs only on sites which are very favorable, then it might be postu­
lated that site conditions on the cutover units were somehow less 
favorable than those produced by wildfires. Regeneration therefore 
occurred on the cutover units only during years when a seed crop was 
followed by climatic conditions very favorable for seedling establish­
ment. The spring and summer of 1975 in western Montana was unusually 
cool and wet and 1975 was the year in which the four year old Douglas-
fir regeneration encountered in the study became established. 
Researchers have attempted over the last several decades to 
define optimum site regimes for Douglas-fir establishment with a 
remarkable lack of agreement as to which sorts of conditions are best. 
This is not surprising if one recognizes that the importance of site 
or microsite stems from the effect it has on the four requirements for 
growth: temperature, moisture, light and nutrients, and that each geo­
graphical area represents a very different set of baseline conditions. 
Newton (1973) emphasized the importance of the interaction 
between factors, stating that seldom is only one factor limiting, that 
48 
it is very nearly impossible to separate factor responses, and that 
combinations of factors which taken alone might not be limiting, can 
become limiting in combination. He also pointed out that factors are 
not static but constantly changing, as is the seedling's response to 
its environment. Most of the work in this area has approached the 
problem from the quite rational standpoint that it is much easier to 
measure the sets of conditions which seem to favor establishment and 
then relate this back to probable limiting factor hypothesis, than it 
is to measure the exact temperature, light, moisture and nutrient 
regimes operating on a site. 
Measurements of site conditions on the cutover units were 
limited to a rather crude estimate of the ground cover found on each 
plot, the primary purpose being to determine whether differences 
existed between stocked and nonstocked plots. That differences do 
exist and that regeneration of Douglas-fir is not random but responds 
to certain microsite conditions can be seen in the differences in 
average coverage for stocked and nonstocked plots of five of the cover 
types, as well as in the degree of aggregation of the seedlings. The 
plantability measure also provided an indirect assessment of site 
conditions. 
Since ground cover estimates were based on a horizontal pro­
jection, overlapping was not accounted for. This tended to produce 
underestimation in some categories when several layers of vegetation 
existed. The coverage estimates taken in the study are only meaning­
ful as a comparative measure between stocked and nonstocked plots 
within a unit and do not serve to describe the vegetation on the plot. 
Future studies which list individual species coverages would provide a 
more exact depiction of vegetation coverages on the plots, and could be 
used to determine which species have a positive effect on regeneration 
and which have a negative effect. Precisely what sort of site condi­
tions would be most beneficial and how these conditions affect the 
temperature, moisture, light and nutrient regimes the seedlings are 
exposed to, would require further research. 
A study of the effect of site conditions on Douglas-fir regen­
eration in central Montana (Hatch and Lotan, 1969) found natural 
regeneration on cutover units to occur most frequently under logging 
slash and on undisturbed duff. The presence of logging slash was 
thought to provide shade, conserve moisture, protect the seedlings from 
cattle, and lessen the competition from other vegetation. While the 
beneficial effects of slash seem quite logical, they were not found to 
hold true on cutover units in the Garnet Mountains, where stocked plots 
generally had less slash than nonstocked plots. This might be 
explained by the predominance of dozer piling of slash and the observa­
tion that regeneration was usually not found growing within the slash 
piles. 
Fisher (1935) reported germination of Douglas-fir to be highest 
on ash surfaces and lowest on disturbed duff in the western white pine 
lands of Idaho. Douglas-fir germination and first year survival was 
highest on severely burned soils in a study conducted in Oregon 
(Hermann and Chilcote, 1965), where this was attributed to the higher 
water holding capacity of these surfaces. Lowest survival in that 
study was found on lightly burned soils. Isaac (1930), however. 
50 
reported high mortality associated with charcoal surfaces, with better 
survival on yellowish surfaces and attributed this to heat Injury sus­
tained by seedlings on the blackened soils. Krauch (1956) also 
reported better regeneration success on light colored soils in the 
southwest. A study of Douglas-fir regeneration on the Tilamook burn 
in Oregon found seedbed condition and density of the herbaceous vege­
tation to have no effect on seedling germination and survival 
(Lavender, 1958). Seedbed condition was not measured on the cutover 
units in this study; however, seedlings were observed on a variety of 
different surfaces and it appeared that other factors such as shade, 
had a definite influence on the type of seedbed that might be most 
favorable. 
The beneficial effects of shade on the initial survival of 
Douglas-fir are well documented in the literature. Strothman (1972), 
working in northern California, found that Douglas-fir seedling 
establishment occurred best at fifty percent shade but that growth 
after the trees are a few months old is best in full sunlight or up to 
twenty-five percent shade. Isaac (1938) reported that initial germi­
nation of Douglas-fir was higher on unshaded areas but that survival 
was greater for the shaded individuals, with temperatures up to 160 
degrees Farenheit recorded on unshaded areas and heat damage occurring 
at temperatures of 125 degrees or greater. A study of first year sur­
vival of Douglas-fir in the intermountain region reported seventy per­
cent survival of shaded individuals as compared with thirty percent 
survival of unshaded seedlings (Ryker and Potter, 1970). 
Shade is difficult to evaluate under field conditions, but did 
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seem important for seedling establishment on the cutover units sampled. 
The repeated observation of Douglas-fir seedlings under Ceanothus velu-
tinus and Ribes viscosissimum shrubs could be attributed to the shade 
provided by these shrubs. In the case of the Ceanothus, nutrition may 
have had some effect since this is a nitrogen fixing shrub. Even very 
small herbaceous vegetation occasionally appeared to be providing ade­
quate shade for seedling survival. Shade is beneficial because it 
reduces seedling temperature and moisture stress. Newton (1973) 
defined seedling moisture stress as being a function of soil moisture 
supply, the duration of drought, the rate of depletion by surrounding 
plants, and the transpirational forces operating on the seedling. 
Shade usually acts to reduce transpirational forces; however, when 
shade is provided by live trees, shrubs or herbaceous plants a negative 
competitive effect may also be present. Since the Douglas-fir seed­
lings were repeatedly observed under very few of the shrub species pre­
sent, it may be hypothesized that in the other cases competition for 
moisture negated any possible benefit that might have been afforded by 
shade. Because of the slow initial growth of Douglas-fir in this area, 
the seedlings are in direct competition with many of the shrubs and 
herbaceous plants for at least the first five years of their lives, 
with the degree of competition partially dependent on the rooting 
habit of the vegetation in question. 
Pinegrass (Calamagrostis rubescens) is a major constituent of 
the understory vegetation on many of the cutover units and appears to 
have a strong competitive effect on the Douglas-fir seedlings. Clark 
and McLean (1975) found that survival, height growth, root growth and 
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size of Lodgepole pine were affected by pinegrass when the two were 
grown in association and that the effect was most pronounced when water 
was limiting. Other studies found that grasses are generally more 
drought tolerant, can extract moisture from the soil more efficiently 
and have higher wilting percentages than the tree seedlings tested 
(Larsen and Schubert, 1969; Lange and McComb, 1948). The fact that the 
stocked plots on the cutover units had significantly less grass than 
the nonstocked plots would tend to reinforce the negative effect of the 
pinegrass on the establishment of Douglas-fir seedlings. 
The presence of overstory trees can also be detrimental to 
Douglas-fir seedlings when densities are such as to cause a reduction 
in the moisture, light and nutrients available to the seedling. The 
fact that four year old densities were higher on the old growth stand 
plots than on the cutover units can be partially explained by the 
beneficial effects of abundant seed and the presence of shade during 
the early life of the trees. However, the almost complete lack of 
intermediate ages in these stands would indicate that individuals which 
do come in are soon suppressed and die off. The few fifteen to twenty 
year old Douglas-fir encountered in the old growth stands were in poor 
condition and averaged five to six inches in height. Initial estab­
lishment is good but stagnation occurs rapidly when the regeneration is 
forced to compete with an overstory. The "corridor effect" seen on the 
burn site serves to further stress the negative competitive influences 
of mature trees on regeneration, although some of the response seen 
here was due to spruce budworm damage. 
It would seem to follow that the drier the site, the more 
53 
severe the competitive effect of the overstory would be. A study con­
ducted on a relatively wet site in Oregon found Douglas-fir capable of 
growing well for up to fifteen years under a full canopy (DelRio and 
Berg, 197 9), but this does not seem to be the case on the drier 
Douglas-fir sites in this region. Roeser (1924) reported high initial 
germination and survival on an uncut stand, but indicated that growth 
is slower under the canopy than in the open. He measured four year old 
heights averaging one inch under the uncut stand as compared to two 
inches under a shelterwood harvest and one and a half inches on a 
clearcut. Just when the loss of growth begins is unknown but must be 
within the first few years of growth, since the fifteen to twenty year 
old trees found under the old growth stand were not much taller than 
the four year olds. From a management perspective it would be useful 
to know the overstory densities that could be maintained without caus­
ing suppression of the regeneration. None of the shelterwood harvests 
sampled had been entered after the initial cut and an overstory was 
still present. The timing of final crop tree removal might be crucial 
to regeneration success. If the trees are removed too soon, the 
regeneration might not be well enough established to survive the sudden 
exposure to sunlight, and if left on too long, loss of growth and mor­
tality might result from suppression. 
Roeser (1924) also reported considerably less seedling estab­
lishment on the clearcut than in the uncut stand and hypothesized that 
soil moisture was the controlling factor since the clearcut had the 
lowest soil moisture all year and the lowest seedling establishment. 
This is inconsistent with other studies which found either higher or 
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similar soil moisture regimes on clearcuts as compared with uncut 
stands (Hallin, 1967; Herring, 1970). Whether the cutover area has 
higher or lower soil moisture probably depends on a number of factors 
including the size of the unit and the types and densities of vegeta­
tion found on both the cutover unit and the uncut stand. Even with 
similar soil moisture regimes, transpirational forces would tend to be 
greater for seedlings on the cutover units and hence seedling moisture 
stress, but other factors would be operating as well. 
The attempt made to predict Douglas-fir stocking levels with 
some measured or otherwise available characteristics of the cutover 
units was not particularly successful. The variables considered in 
the regression equation were all indirect measures of site conditions 
on the cutover units and did not appear to adequately explain the vari­
ation present. That the proportion of plantable spots on the units 
showed the highest correlation to Douglas-fir stocking is interesting. 
This was a subjective assessment which took into consideration a number 
of site conditions including type of seedbed, exposure, understory 
vegetation species and densities, and past and present disturbances. 
If seedling establishment on the cutover units was limited only by 
favorable site conditions and if the plantability measure was an accu­
rate assessment of favorable conditions, then a high correlation 
between stocking and plantability would be expected. The calculated 
correlation coefficient of .599 is not particularly high and indicates 
that, either other factors are exerting influences, or that the plant-
ability measure does not accurately assess favorable growing sites, or 
most probably, that a combination of the two is occurring. Size of the 
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unit showed the second highest correlation to stocking and was most 
important on the clearcuts where it affects the distance to a seed 
source and the microclimatic conditions on the units. In a shelter-
wood situation, size of the harvest area is probably of little signi­
ficance. The Pearl Ridge shelterwood was the largest unit sampled and 
was fifty-six percent stocked, 
One factor, which was not included in the regression equation 
but which is often extremely important to regeneration success, is 
cattle grazing. As was mentioned earlier, cattle grazing occurs 
throughout the study area during the summer months. The degree to 
which a unit was grazed depended upon its locationand accessability to 
cattle. Cattle can kill or damage the regeneration through direct 
grazing and trampling or by compaction of the soil. A study of the 
effects of cattle grazing on soil physicial properties found a lowering 
of the infiltration and percolation rates and an increase in the bulk 
density of the soil as a result of grazing (Linnartz, Hse and Duvall, 
1966). Wet Mulkey Gulch Unit-3 is a small nine acre clearcut on a wet 
site which had been grazed so heavily that the only native vegetation 
left on the site was found under logging slash. Fifty-three percent of 
the plots on this unit were stocked but without the cattle, stocking 
probably would have been near one hundred percent. Cattle grazing on 
Cannonball Gulch Unit-3 had also been severe and the site was dominated 
by thistles, with large areas trampled bare of vegetation entirely. A 
study has recently been initiated by the Bureau of Land Management in 
the Garnet Mountains to study the effects of cattle grazing on 
regeneration success through the use of exclosures. This should help 
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to assess the impact in more quantitative terms. 
The stocking of any particular unit is not easily predicted 
because of the large number of variables that can affect regeneration 
success and stocking levels. Some of these variables are readily quan­
tifiable but others are not. No one single factor can be cited as 
definitely more important than the others for all units and most fac­
tors or variables are interrelated to some extent. The regression 
equation presented here does not begin to take into account all of the 
2 possible variables that can affect stocking and with an r value of .68 
may not be useful in predicting stocking. However, it is a first 
approximation of some of the things that can affect stocking of 
Douglas-fir and indicates areas where further research would be desir­
able. The type of harvest was purposefully not included in the regres­
sion because the sample size was insufficient to be able to detect 
differences between harvest types. 
Estimates of stocking and stem densities obtained in the survey 
represent one point in time and inferences about future stocking levels 
based on these estimates would be tentative. Most of the Douglas-fir 
regeneration was four years old at the time of sampling and could not 
be considered well established at this time. Densities especially can 
be expected to fluctuate considerably over the years as seedlings die 
off and new ones become established. The time involved in achieving 
full stocking will vary depending on the particular set of conditions 
present on a given unit. 
It might be argued that the best solution for obtaining stocking 
on these sites is to plant them. Eleven of the twenty-five units 
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sampled had been planted, with very little success. Three of the 
Cannonball Gulch units were planted to ponderosa pine in 1973 and 
current survival estimates fall between four and six percent. Survival 
of lodgepole pine planted in the Cave Gulch area in 1974 was even lower 
with three of the units showing virtually no survival. The choice of 
species in these two plantings probably had a lot to do with the poor 
survival rates since much of the planted area had supported pure stands 
of Douglas-fir prior to harvesting. The Tenmile units were the only 
units in the study area that had been planted to Douglas-fir and here 
survival was better but still not good. Survival estimates ranged from 
four to twenty percent for Douglas-fir planted in 1968 in the Tenmile 
area. There are many factors which can influence planting success 
besides climatic and site conditions, but if climatic conditions are 
very unfavorable for natural seedling establishment, they will probably 
be unfavorable for planted seedling survival as well. The most 
obvious drawback to planting is the expense. The sites in the study 
area are generally considered poor for timber production, site classes 
IV and V, and it is doubtful whether management of these sites would 
generate enough income to justify planting. With a rotation age of at 
least 120 years (Barrett, 1962), it cannot be terribly significant to 
save a few years by planting instead of waiting for natural regenera­
tion. 
Natural Stand Establishment 
In order to put the stocking levels found on the cutover units 
into perspective it was necessary to have some idea of how regeneration 
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of Douglas-fir occurs under natural circumstances. Ideally, stands of 
all ages should have been sampled, but time constraints limited the 
sample to four stands. Only one relatively yound stand of Douglas-fir 
was found within the study area. Young Douglas-fir trees did occasion­
ally occur singly or in small clusters beneath deteriorating old growth 
stands or in small openings, but they were not common. 
The wildfire which resulted in the yound stand of Douglas-fir 
sampled probably produced near optimum conditions for Douglas-fir 
establishment. Restocking was rapid and seems to have begun very soon 
after the fire burned. Ample stocking had occurred over most of the 
burned area within ten to twelve years. Except for the large number of 
four year old trees present, very few individuals younger than eighteen 
years of age were found. This may be because the site was already 
fully occupied at this time, or because climatic conditions during this 
period were unfavorable for seed production and seedling establishment. 
Spruce budworm damage to seed crops may have also been more severe 
during this period than previously. Although the situations are not 
strictly comparable, the distribution of ages for individuals one to 
fifteen years old on the burn site is quite similar to the distribution 
of ages found on the cutover units. It is possible that the last 
decade and a half, with the exception of 1975, were generally very 
poor for Douglas-fir establishment and that establishment would have 
been poor everywhere, regardless of site conditions. This is another 
possible explanation for the discrepancy seen between the regeneration 
response on the burn and the regeneration on the cutover units. 
There are several site factors which would have contributed to 
the excellent regeneration found on the burn. Seed distribution should 
not have been a problem because of the small size of the burned areas. 
The ridgetop is the only area that might not have received adequate 
seed. Trees which were killed but not toppled by the fire would have 
provided plenty of shade for the young regeneration without any of the 
negative competitive effects of live shade. Dead shade is often diffi­
cult to provide in a harvest situation, yet may be one of the most sig­
nificant benefits resulting from wildfires. The sparse understory 
vegetation found in the surrounding stand is probably indicative of 
conditions existing on the stand that burned. A depauperate understory 
would most likely have been slow to respond after the fire and this 
could also have been beneficial to Douglas-fir seedling establishment. 
The effect of the burn on soil properties may have been either 
beneficial or detrimental. Ahlgren (1960) stressed that the effects of 
forest fires differ for each region, climate, soil type and tree spe­
cies studied and that it is impossible to draw general conclusions. 
Several studies reported a raise in pH and a higher carbon to nitrogen 
ratio following burning (Tyron, 1948; Neal and others, 1965), neither 
of which would seem particularly beneficial. Stark (1977) studied 
fires in the Garnet Mountains and reported that hot burns may result in 
significant losses of calcium and magnesium, which may have been a 
benefit on the burn site since the parent materials were limestone and 
dolomite. Moisture availability may increase or decrease depending on 
the type of soil present (Tyron, 1948). 
That wildfires were common throughout the study area can be 
inferred from the fire scars found on trees in the old growth stands 
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and is evident in Photo 4, which clearly shows fire mosaics on a por­
tion of the study area. These fires appear to have been of varying 
sizes and most likely were of varying intensities as well. Average 
fire frequencies of ten to twenty years were reported by Arno (1976) in 
the Bitterroot National Forest of western Montana. He found that 
because of the high frequency of the fires, most were of low intensity 
and did not completely destroy the stand. 
All three of the old growth stands sampled in the study showed 
some evidence of wildfires. The age structure found in Stand A seems 
to be the result of low intensity fires which periodically burned 
through the stand and created small openings in which regeneration 
could become stablished. The differences in ages in this stand were no 
longer readily apparent since all of the trees are now over 140 years 
old. The lack of intermediate ages would indicate that the stand is 
fully occupying the site to the exclusion of new establishment. 
The ages and sizes of trees in Stand B are distinctly separated 
into two calsses, those that survived a fire occurring approximately 
130 years ago and those which came in after the fire. It has taken 
nearly forty years for the site to become fully occupied after the burn 
and this might be due to the harshness of the site. Stand C was a 
dense stand of Douglas-fir which probably originated from a wildfire, 
although no fire scars were found. This stand is even aged by tech­
nical definition despite the fact that the ages range over a thirty to 
forty year period (Smith, 1962) . Only one tree in the plot appeared to 
have been a remnant of an older stand. It was only a few years older 
than the rest of the stand, but was considerably larger than the other 
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PHOTO 4. A portion of the study area showing fire patterns from 
numerous wildfires. 
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trees. 
While most of the stands in the area appear to have been influ­
enced by fires, there are obviously a few areas that have escaped burn­
ing for a long period of time, where the establishment of new trees 
occurs without the presence of fire. A study conducted on a portion of 
the Lubrecht Experimental Forest, just west of the study area, 
described the structure of several old growth Douglas-fir stands which 
had not burned for the last 200 or so years (Tesch, 1975). The stands 
sampled in Teschfs study differed from those sampled in this study in 
that they were not pure stands of Douglas-fir and they were located on 
different parent materials. His north facing slope stand was on a 
relatively moist subalpine fir site. That he encountered Douglas-fir 
of intermediate ages in his sampling, represents a significant differ­
ence between the two sets of stands. The presence of these age classes 
may be due to a deterioration of the older tree strata, or to more 
favorable moisture regimes permitting the longer survival of incoming 
regeneration. Most of the younger trees found in Teschfs study were 
suppressed and no Douglas-fir seedlings less than ten years old were 
found. Since his sampling took place in 1974, he missed the regenera­
tion that resulted from the seed crop of that year. This lack of indi­
viduals less than ten years of age at the time of his study gives 
further credence to the hypothesis that the period from the mid 1960fs 
to the mid 1970Ts was somehow particularly unfavorable for Douglas-fir 
seedling establishment. 
Most sources describe Douglas-fir as a species of intermediate 
tolerance (USDA, 1965; Barrett, 1962), with the degree of tolerance 
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dependent on the type of site on which it is found, Douglas-fir found 
growing in association with ponderosa pine on dry sites is usually con­
sidered tolerant and the shade provided by the pine overstory is bene­
ficial to Douglas-fir establishment, since the Douglas-fir would be 
exposed to high temperatures and moisture stress in the open. On the 
wetter subalpine fir sites, Douglas-fir is usually considered intol­
erant and growth is best in full sunlight since moisture is not as 
limiting. The low light intensities found in these stands are usually 
detrimental to Douglas-fir growth and survival. The pure stands of 
Douglas-fir occurring in the Garnet Mountains fall somewhere in the 
middle. Shade is necessary for successful establishment but becomes 
detrimental after the early stages of growth, especially when provided 
by a live canopy. The inability of the young Douglas-fir to success­
fully compete under an overstory is important to an understanding of 
the stand structures found in this area. Whether moisture or light is 
the critical limiting factor would require further study, though a com­
bination of the two seems likely. 
The establishment of young Douglas-fir trees on these sites 
must begin with the creation of an opening in the canopy of sufficient 
size that the young trees are not in direct competition with overstory 
trees. In the past, these openings were usually produced by wildfires, 
which either destroyed whole stands or small groups of trees within a 
stand and created openings of various sizes. In the absence of fire, 
the establishment of new trees would have been dependent on the natural 
mortality of individual trees within the stand. 
The openings that occurred would have filled in gradually, 
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depending on the site conditions present, the size of the openings, and 
the climatic conditions prevailing during the years following disturb­
ance. The regeneration response seen on the young stand sampled is 
probably representative of favorable conditions in all three areas. In 
other cases, the response may be much slower, occasionally taking as 
long as fifty to one hundred years. Regeneration establishment occur­
rences such as the one which produced the four year old seedlings found 
throughout the study area are probably not common. They may only occur 
on the average every ten or twenty years, though this has not been 
determined in this area. Establishment of new trees in the openings 
would continue over the years until all of the growing space is fully 
occupied. Once this had happened, and barring further disturbance, the 
stand might occupy the site for another hundred to two hundred years, 
during which time the establishment of new individuals is precluded. 
Stand structures of the type found in Stands A and B develop in 
much the same way, except that disturbances are more frequent and the 
openings are smaller. These sorts of stands can be described as having 
an irregular uneven-aged structure, whereas stands that developed from 
larger openings without repeated disturbances, such as Stand C, would 
approach the classical definition of even-aged stands (Smith, 1962). 
Under natural circumstances, a balanced all aged stand would probably 
never have developed on these sites. 
Summary 
Through fire suppression, wildfires have been effectively elim­
inated as a viable means of Douglas-fir stand establishment in the 
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study area. The dominant disturbance today is from timber harvesting, 
and there is every indication that this will be the case for some time. 
The prompt reestablishment of trees on cutover lands is usually desired 
following timber harvest and can best be accomplished by following 
natural patterns of stand establishment as closely as possible. 
From the study of natural stands in the area, it appears that 
even-aged management would be more consistent with natural patterns of 
stand establishment than uneven-aged management. Uneven-aged manage­
ment is best applied to tolerant species, capable of becoming estab­
lished in competition with overstory trees. While initial establish­
ment of Douglas-fir may be high under an uncut stand, suppression 
occurs quite soon, resulting in mortality if the trees are not 
released. Observations on selection type harvests which occurred on 
the study area in the past indicated that these harvests had not 
resulted in regeneration inputs, but had in essence functioned as 
thinnings. A group selection type harvest system might be appropriate 
since this would produce situations similar to that found in Stand A. 
This harvest system involves the removal of small groups of trees and 
is actually very similar to even-aged management since the openings 
resemble small clearcuts. 
No one even-aged harvest system is seen as inherently better 
than the others on these Douglas-fir sites. Clearcuts, seedtree cuts 
and shelter-wood cuts can all be used with good success. In the use of 
clearcuts and seedtree cuts, size is extremely important. Good regen­
eration success cannot be expected if the size of these harvests 
exceeds twenty acres. On sites that are quite dry, a size limit of 
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ten acres might be more appropriate. Shape of the unit could be used 
to compensate for size, as in the case of strip clearcuts. The shel-
terwood harvest system might be more difficult to apply because den­
sities left after the first harvest must be low enough to allow for 
new establishment and because timing of the final harvest may be cri­
tical to regeneration success. 
The presence of spruce budworm in the area would act as a 
negative factor in the use of seedtree cuts or shelterwood cuts, since 
the insects tend to drop out of the residual trees and damage the 
regeneration. Because of this, clearcuts may represent the best har­
vest option on the Douglas-fir sites within the study area. 
The regeneration found on the cutover units sampled appears to 
be consistent with what might be expected if we assume that the 1975 
Douglas-fir establishment was the only good establishment of Douglas-
fir to occur in the last fifteen years. Those units which resembled 
natural openings, appear to be regenerating satisfactorily. Other 
units, which are poorly stocked, either reflect harvest conditions 
unfavorable for Douglas-fir regeneration, or in a few cases over 
grazing by cattle. 
Even with the use of harvest techniques which are consistent 
with natural patterns, a stand establishment period of ten to thirty 
years must be assumed on these sites because of climatic variability, 
which affects seed production and seedling establishment. If the 
length of time involved in achieving stocking on these sites is incon­
sistent with management objectives, then perhaps a more realistic 
assessment of the sites being managed here is needed. Stands with site 
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class IV and V designations cannot be expected to respond in the same 
manner as site class I stands. The regeneration response seen on these 
sites is only slow when compared to the response seen on more produc­
tive sites. If management of these sites for timber production is to 
continue, then the limitations of the site must be fully realized and 
part of this involves the acceptance of relatively long establishment 
periods following harvesting. 
LIST OF REFERENCES 
Ahlgren, I. F. and C. E. Ahlgren. 1960. Ecological effects of forest 
fires. The Botanical Review 26(4): 483-533. 
Allen, G. S. and J. N. Owens. 1972. The Life History of Douglas-fir. 
Canadian For. Serv. Ottawa, Canada. 139pp. 
Arno, G. S. 1976. The historical role of fire on the Bitterroot 
National Forest. U.S. For. Serv. Res. Paper INT-187. Intermountain 
For. and Range Exp. Sta. 22pp. 
Bureau of Land Management. History of Garnet. Unpublished. 3pp. 
Clark, M. B. and A. McLean. 1975. Growth of lodgepole pine seedlings 
in competition with different densities of grass. B. C. For. Serv. 
Res. Note No. 70. Canada. 10pp. 
Cottam, G. and J. T. Curtis. 1956. The use of distance measures in 
phytosociological sampling. Ecology 37:451-460. 
DelRio, E. and A. B. Berg. 1979. Growth of Douglas-fir reproduction 
in the shade of a managed forest. Forest Res. Lab, Oregon State 
Univ. Research Paper 40: 14pp. 
Deters, M. E. 1962. The northern Rocky Mountin region. In: 
Regional Silviculture of the United States. J. W. Barrett ed. 
Ronald Press Company, New York. 406-459. 
Fisher, G. M. 1935. Comparitive germination of tree species in 
various kinds of surface-soil material in the Western White Pine 
type. Ecology 16: 606-611. 
Foiles, M. W. and J. D. Curtis. 1965. Natural establishment of pon-
derosa pine in central Idaho. U.S. For. Serv. Res. Note INT-35. 
Intermountain For. and Range Exp. Sta. 4pp. 
Goldin, A. 1976. Effects of limestone soils on plant distribution in 
the Garnet Mountains, Montana. Thesis. University of Montana. 
115pp. 
Hallin, W. E. 1967. Soil moisture and temperature trends in cutover 
and adjacent old-growth Douglas-fir timber. U.S. For. Serv. Res. 
Note PNW-56, Pacific Northwest For. and Range Exp. Sta. 11pp. 
Hatch, C. R. and J. E. Lotan. 1969. Natural regeneration of Douglas-
fir in central Montana. U.S. For. Serv. Res. Note INT-85. 
Hermann, R. K. and W. W. Chilcote. 1965. Effect of seedbeds on germ­
ination and survival of Douglas-fir. Research Paper 4, For. Res. 
Lab Oregon State University, Corvallis, Oregon 28pp. 
69 
Herring, H. G. 1970. Soil moisture trends under three different cover 
conditions. U.S. For. Serv. Res. Note PNW-114. Pacific Northwest 
For. and Range Exp. Sta. 8pp. 
Hitchcock, C. L. and A. Cronquist. 1973. Flora of the Pacific North­
west. University of Wash. Press, Seattle, Wash. 730pp. 
Isaac, L. A. 1930. Seedling survival on burned and unburned surfaces. 
J. of For. 28: 569-571. 
. 1938. Factors affecting establishment of Douglas-fir 
seedlings. USDA circular 486: 45pp. 
. 1943. Reproductive habits of Douglas-fir. Charles 
Lathrop Park Forestry Foundation. Wash. D.C. 107pp. 
Kaltenberg, M. C. 1978. Evaluation of regeneration sampling methods: 
a Monte Carlo analysis using simulated methods. DNR. Report No. 39. 
Department of Natural Resources, State of Wash. 
Kauffman, M. E. 1963. Geology of the Garnet-Bearmouth area, western 
Montana. Mont. Bureau of Mines and Geology. Butte, Mont. Memoir 
39, 40pp. 
Krauch, H. 1956. Management of Douglas-fir timberland in the South­
west. Station Paper No. 21, U.S. For. Serv., Rocky Mountain For. 
and Range Exp. Sta. 59pp. 
Lange, R. D. and A. L. McComb. 1948. Wilting and soil moisture by 
tree seedlings and grass. J. of For. 46: 344-349. 
Larsen, M. M. and G. H. Schubert. 1969. Root competition between 
ponderosa pine seedlings and grass. U.S. For. Serv. Res. Paper 
RM-54. Rocky Mountain For. and Range Exp. Sta. 12pp. 
Lavender, D. P. 1958. Effect of ground cover on seedling germination 
and survival. Research Note No. 38. Oregon For. Lands Res. Center, 
Corvallis, Oregon. 32pp. 
Linnartz, N. E., C. Y. Hse and U. Duvall. 1966. Grazing impairs 
physical properties of a forest soil in central Louisiana. J. of 
For. 64(4): 239-43. 
Linsley, R. K., M. A. Kohler and J. L. H. Paribus. 1949. Applied 
Hydrology. McGraw Hill, New York. 382-83. 
Lowry, W. P. 1966. Apparent meteorological requirements for abundant 
cone crops in Douglas-fir. For. Sci. 12(2): 185-192. 
Lutz, H. J. and R. F. Chandler Jr. 1946. Forest Soils. John Wiley 
and Sons, New York. 53-56. 
70 
McArdle, R. E. and L. A. Isaac. 1933. The ecological aspects of 
natural regeneration of Douglas-fir in the Pacific North-west. Paper 
delivered at Fifth Pacific Science Congress, Vancouver, B.C. USFS, 
Portland, Oregon. 
Mueller-Dombois, D. and H. Ellenberg. 1974. Aims and Methods of 
Vegetation Ecology. John Wiley and Sons, New York. 547pp. 
Neal, J. L., E. Wright and W. B. Bollen. 1965. Burning Douglas-fir 
slash: physical, chemical, and microbial effects in the soil. 
Res. Paper 1. Forest Res. Lab, Oregon State Univ., Corvallis, 
Oregon. 32pp. 
Newton, M. 1973. Environmental management for seedling establishment. 
Res. Paper 16. For. Res. Lab, Oregon State Univ., Corvallis, Oregon. 
5pp. 
Ott, L. 1977. An Introduction to Statistical Methods and Data 
Analysis. Duxbury Press, North Scituate, Mass. 730pp. 
Pardee, J. T. 1917. Ore deposits of the northwestern part of the 
Garnet Range, Montana. Contributions to Econ. Geology. Bull. 660. 
USGS. 
Pfister, R. D. et al. 1977. Forest habitat types of Montana. USDA 
For. Serv. Gen. Tech. Bull. INT-34. Intermountain For. and Range 
Exp. Sta. Ogden, Utah. 194pp. 
Roeser, J. Jr. 1924. A study of Douglas fir reproduction under 
various cutting methods. J. of Agric. Res. Vol. XXVII (12): 1233-45. 
Ryker, R. A. and D. R. Potter. 1970. Shade increases first-year 
survival of Douglas-fir seedlings. USDA For. Serv. Res. Note INT-
119. Intermountain For. and Range Exp. Sta. Ogden, Utah. 6pp. 
-Ryker, R. A. 1975. A survey of factors affecting regeneration of 
Rocky Mountain Douglas-fir. USDA For. Serv. Res. Paper INT-174. 
Intermountain For. and Range Exp. Sta. Ogden, Utah. 17pp. 
Smith, D. M. 1962. The Practice of Silviculture. John Wiley and 
Sons, New York. 578pp. 
Stark, N. M. 1977. Fire and nutrient cycling in a Douglas-fir/Larch 
forest. Ecology 58(1): 16-30. 
Steele, R. W. 1972. Weather data summary 1956-1972, Lubrecht Experi­
mental Forest, Greenough, Montana. Mont. For. and Cons. Exp. Sta. 
School of Forestry, Univ. of Mont. 
Strothman, R. 0. 1972. Douglas-fir in northern California: effects 
of shade of germination, survival and growth. USDA For. Serv. Res. 
Paper PSW-84. Pacific Southwest For. and Range Exp. Sta. 10pp. 
71 
Tesch, S. D. 1975. The composition and dynamics of the tree strata 
within an old growth Douglas-fir forest in western Montana. Masters 
Thesis, unpub. University of Mont., Missoula, Mont. 
Tyron, E. H. 1948. Effect of charcoal of certain properties of 
forest soils. Ecol. Monog. 18(1): 81-115. 
USDA. 1965. Silvics of Forest Trees of the United States. Agric. 
Handbook No. 271. Wash. D.C. 769pp. 
USDA. 1973. The outlook for timber in the United States, Forest 
Resource Report No. 20. Wash. DC. 367pp. 
USDC. Weather Bureau. 1965. Climatic Summary of the United States, 
Supplement Series 86 1951-1960 Montana. Wash. DC. 
Williams, P. W. 1969. The geomorphic effects of ground water. In: 
Introduction to Fluvial Processes. R. J. Chorley ed. The Chaucer 
Press'Ltd, England. 108-123. 
APPENDIX A 
Field sheet used for regeneration surveys on cutover units 
REGENERATION STOCKING SURVEY 
Township Range Section Acres Name of sale Unit 
Sheet of Stocking standard Plot radius Date examined 
Plot 
no. 
Stock 
ing 
Dist. 
seed 
Species 
no. & age 
Plant 
able 
Percent cover Remarks 
soil rock duff grass forbs shrubs slash 
APPENDIX B 
Spatial distribution of ages on the old growth stand plots 
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APPENDIX C 
Diameter - age relationships on the old growth stands 
Diameter - Age Relationship Stand A 
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